Abstract. This paper present the development of Kalman filter that allows evaluation in the estimation of resistance (R), inductance (L), and capacitance (C) values for Universiti Malaysia Pahang (UMP) short transmission line. To overcome the weaknesses of existing system such as power losses in the transmission line, Kalman Filter can be a better solution to estimate the parameters. The aim of this paper is to estimate RLC values by using Kalman filter that in the end can increase the system efficiency in UMP. In this research, matlab simulink model is developed to analyse the UMP short transmission line by considering different noise conditions to reprint certain unknown parameters which are difficult to predict. The data is then used for comparison purposes between calculated and estimated values. The results have illustrated that the Kalman Filter estimate accurately the RLC parameters with less error. The comparison of accuracy between Kalman Filter and Least Square method is also presented to evaluate their performances.
Introduction
Electrical energy is generated at power stations which are typically located far away from the load centres [1] . Thus, a network of conductors between the power stations and the consumers is required in order to utilize the power generated. This network of conductors is divided into two main components, which are the transmission system and the distribution system. At a generating plant, electric power is "stepped up" to several thousand volts by a transformer and delivered to the transmission line. At numerous substations on the transmission system, transformers step down the power to a lower voltage and deliver it to the different load centres in the distribution lines [2] . This is because high voltage improves efficiency by reducing heat loss in the power line. But high voltages are too dangerous, so step down transformers are used to reduce the voltage to a required and safe levels.
The power transmission line is one of the major components in electrical power system. All transmission lines in a power system posses the electrical properties of resistance, inductance and capacitance [3] . These passive elements are usually referred to investigate and assess the transmission line characteristics and efficiency which makes them irresistible to be analysed as part of system performance. The series resistance relies basically on the physically composition of the conductor at a given temperature. While the series inductance and capacitance is produced by the presence of magnetic field and electric field around the conductors. Besides, the series inductance and capacitance depends on the geometrical arrangement in a transmission line [4] . The important consideration in the design and operation of transmission line are the determination of voltage drop, line losses and efficiency of transmission line. These values are greatly influenced by the constant resistance (R), inductance (L) and capacitance (C) in the transmission line [5] . According to the previous paper, resistance (R), reactance (X) and susceptance (B) also affected the transmission line performance in a system [3] . The frequency involve in this three constant parameter indicates the performance of a system. When considering high frequency, the magnetic field generated drive the currents to the outer edge of the conductor that carries them. As a result, the higher the frequency, the thinner the layer of metal available to carry the current and the higher the effective resistance of the cable [6] . In fact, the voltage drop in the line depends on the values of above three lines constant [7] . In addition, the resistance of transmission line is the most important cause of power losses in the line and it determines the transmission line efficiency. Since there are many research has been done on R, X and B values in medium transmission line, so this paper will focuses on R, L and C values in UMP short transmission line. This is because of calculation of power factor relies on these parameters.
Power system state estimation is a main tool of energy management system. State estimation was first applied to power systems by Schweppe and Wildes in the late 1960s [8] [9] . Since then, several applications and techniques of Kalman filter have been one of the famous methods in power system estimation. It has been used for damping and frequency [7] , modal changes [10] , state estimation [11] , power factor detection and etc. However all of these researches did not highlighted important indicators that give great effects in the system which are RLC parameters. Most of these papers are focused solely on IEEE system and are not tested on a real system. One of the systems that have been tested is long transmission line [12] . Theoretically, values of R, L and C in long transmission line are supposedly higher than short transmission line. But due to some condition, the values of R, L and C can be opposed the actual properties such as type of cable, size of cable, length of cable, number of winding and etc. All of these properties will indicate the values of R, L and C in the transmission line.
Since the real situation is different from the theoretical analysis due to unexpected condition such as the presence of noise and system dynamics, practical analysis in a real system also one of the essential aspects to be investigated to understand how the system behaves. In fact, by using a real system for analysis purposes, certain parameters can be determine such as the power losses, fault, and voltage drop. Therefore, this will create an opportunity for researcher to provide a suitable corrective action according to the circumstances. As a result, the determination for the future condition in transmission line can be identified. If the theoretical analysis and the real system have produced similar results then the system physical properties such as type, size and length of cable can be determined more precisely by the load applied in the system.
An accurate understanding of transmission line parameters is necessary for accurate power flow modelling, fault location, transient stability and etc. Previously, calculations based in conductor dimensions, sag and line length were used to estimates these parameters [13] . However, due to the assumptions and approximation involved, the estimation was not reliable for real -time application [13] . Therefore, this situation has inspired this research to examine UMP transmission line as shown in Figure 1 . It is also worth to mention that, currently UMP do not have any information about the parameters of the transmission line. This situation has produced difficulties to reduce the operating cost and maintenance operations. To overcome this issue, Kalman filter method is used for estimation of R, L and C values for short transmission line in UMP. The analysis mainly investigates the R, L, and C parameters. Mathematical model for UMP short transmission line is designed by using standard parameters. Our analysis attempts to provide information for Department of Property Management and Development in UMP about the transmission line to understand the system performance as well as to execute a corrective action accordingly based on the given results. The Kalman filter model for estimation of UMP transmission line will be examined in the next section. 
Kalman filter method based on RLC estimation
A transmission line can be defined as a short length line if its length is less than 50 km and the voltage is comparatively lower than 20kV. In this case, the shunt capacitance (C) effect is negligible and only the resistance and inductive reactance are taken into account. Balanced conditions of the line can be represented by the equivalent circuit of a single phase with resistance (R), and inductance (L) in series (series impedance) [14] , as shown in Figure 2 .
If the transmission line has a length between 50 km and 150 km and the voltage is between 20 kV -100 kV, the line is considered as a medium-length line and the equivalent circuit with resistance (R), inductance (L) and capacitance (C). Both short and medium length transmission lines use approximated lumped-parameter models [14] [15] . The lumped element model simplifies the description of the behaviour of spatially distributed physical systems into a topology consisting of discrete entities that approximate the behaviour of the distributed system under certain assumptions [5] [15] .
However, if the transmission line is longer than 150 km, and the voltage is higher than 100 kV, the model will be considered as a long-length line. The appropriate series impedance and capacitance are found by solving the corresponding differential equations, where voltages and currents are described as a function of distance and time [14] . As for our case, the short transmission line is considered for UMP. 
A. Kalman Filter
For a linear system, the process model of Kalman filter is described as (1) (2) where is the estimation value of X, is the estimate value on the previous state, is the control input, and is noise covariance matrix, A, B and C will be numerical constant.
The estimation value of is represented by R, L and C as (3) where R is resistance, L is inductance and C is capacitance. In this study, current, A is used as a control input, . 
B. Prediction and update
Kalman filter recursively computes estimation for a state which includes R, L and C parameters according to the process and observation model [17] . The stages of Kalman filter algorithm are as follows:
 Prediction (time update) to estimate priori estimation of state and its error covariance matrix: (6) (7) where is the prior error covariance. This prior value is used in the measurement update equations.
 Correction (measurement update) to provide correction based on the measurement to yield the posteriori state estimate and its error covariance:
(8) (9) (10) where is the Kalman gain. Figure 5 shows the the Kalman filter model for the UMP transmission line. The analysis mainly observes the RLC parameters based on different noise a condition which describes various unexpected issues during transmission in UMP. It is expected that from the proposed technique, UMP management is able to plan and execute suitable actions to gain the desired system performance. (13) Figure 6 shows the power triangle characteristics which defined ϕ as the cosine of the angle between voltage and current phasor [18] . The angle of ϕ will be used to derive the value of R, L and C of the short transmission line. 
It is known that, (17) Substituting all the related value into (17), the equation becomes, By referring to equation (14) , the value of is substitute to get the value of , In order to get the value of L, all the values are substitute into equation (16) 
System model and analysis
This subsection investigates the results of having different noise conditions to the estimation of UMP short transmission line. This paper takes into account system noises of 0.1 and 10 to simulate the unknown parameters which can effects the estimation results such as size, length and type of cables. Previous section has described how the value of R, L and C are calculated. This section analyse how Kalman Filter works to estimate those value efficiently. The results obtained are described as follows.
Simulation was conducted for the equivalent circuit of short transmission line to simulate the UMP condition and tuning process also take place in order to achieve a good estimation results. Figure 10 , the value of capacitance is 0F as it is assumed negligible due to the properties of short transmission line. It must be noted that the initial values of estimation error covariance matrix affects the estimation of parameter values. Figure 13 shows the value of capacitance which is 0 F. Table 1 defines the system parameters of the simulink model with the small value of noise which is 0.1 and 10. It shows the accuracy of resistance and inductance in the system more precise with the small value of noise which is 99.98 % and 99.98 % respectively. Thus, it is shown that higher estimation accuracy will be achieved with the decreasing values of the noise. This table also defines the system parameters of the simulink model with the greater value of noise which is 10. It shows the accuracy of resistance and inductance in the system is inaccurate with the greater value of noise which is 99.72 % and 99.69 % respectively. Thus, it is proved that the accuracy in the system will decrease with the increasing noise. According to this table and figures presented previously, the value of noise affected the accuracy of R, L and C estimation in the system. The higher the value of noises or disturbance in the system, the performance degrades. These results also indicates the possibility to estimate the RLC parameters accurately even in different places especially when the same cable is being used. Higher voltage increased the noise problem in a system. These situations occur due to the electron movement within the electrical circuits.
Comparison of accuracy between least square method and Kalman filter also has been done [3] . From Table 2 below, the results presented that Kalman filter give a higher accuracy compared to the Least Square method. Note that, Least Square method is used to estimate the values of R, X and B in long transmission line located in East Midlands, England [3] while Kalman filter is used to indicates the values of R, L and C in UMP. Eventhough the research is conducted in different places but the value of accuracy can still be taken into account. A better accuracy will come from short transmission line compared to long transmission line. This is due to the unknown noises which bigger system will have more unknown noises compared to the small system. From these two results of accuracy, it can be proven that Kalman filter is a better method that can be used for estimation. Remark that, it is important to consider of R, L, and C and R, X and B values as they affected the determination of power transfer, voltage drop and efficiency in the transmission line. The voltage drop in the line depends upon the values of above three lines constant. Similarly, the resistance of transmission line is the most important cause of power losses in the line and determine the transmission efficiency. Same as R, L and C, values of R, X and B also affected the determination of efficiency in a system.
Conclusions
This paper presented the analysis of R, L and C estimation in a system by using Kalman filter. It was shown that although there is a little data from UMP short transmission line, the estimation of R, L and C parameters is still possible. From this research, it has been revealed that noise in the system indicates the performance of UMP short transmission line and the parameter estimation can help the engineers in estimation for future growth even in a different area. In addition, with the different in accuracy according to the method used, this can be proven that Kalman filter is one of the optimal method that can be used for estimation for real -time line parameter estimator.
